I. INTRODUCTION
Magnetic force microscopy (MFM) is the only available metrology tool that is used for obtaining a magnetic image from a surface with nanoscale resolution without relying on diffraction-based characterization techniques. Currently, the resolution of MFM is limited to approximately 20 nm due to the long-range nature of magnetic interactions between the MFM probe's tip and the magnetic medium. This paper describes an optimal signal processing solution to the problem of achieving ultra high resolution MFM with the goal of significantly exceeding the level at which MFM metrology currently performs, thus providing metrologists with a tool of significant resolution-increase that will enable, for example, the rapid development of high-density magnetic recording media (> 100GBit/in 2 ).
II. DISCUSSION
According to the Reciprocity Principle [1] , the signal S measured by a magnetic probe tip in a typical MFM system (the frequency shift or the phase of the tip resonance oscillation) is the convolution between the magnetization M in the imaged sample and the imaginary sensitivity field H generated by the probe, as shown in (1)
and where the integration is performed over the volume of the sample. In other words, the measured signal is the convolution of the information of main interest, i.e. magnetization, and the sensitivity field function (SFF). Generally, the SFF of the probe is an unknown that depends on the magnetic properties of the probe tip and thus is not taken into consideration when analyzing the signal. That is, in the current form of MFM, information related to the SFF is simply not accounted for when producing a measurement. This paper demonstrates that knowledge of the SFF can be exploited via signal processing for substantially increasing the resolving power of current MFM technology. A probe tip for which the SFF could be predicted was manufactured using focused ion beam trimming of a regular MFM tip. This resulted in a tip where the magnetic material was concentrated in a cylindrical region with a diameter of 50 nm and height of 10 nm and where its SFF, in analytic form, was calculated.
Thus, having the measured conventional MFM image (degraded by the SFF) as well as the SFF itself, a deconvolution was performed to mitigate the ill-effects of the SFF's long range interactions. The deconvolution involved sampling the SFF at a rate identical to the MFM samples. Using both of these sets of samples, a mean squared error cost function was established such that the error between the imaged MFM samples and a redegraded (via convolution with the SFF) "clean" image estimate was minimized; note that the clean image is the deconvolved MFM estimate that is sought. However, because deconvolution is ill-posed in practice due to, among other things, measurement noise [2] , the solution was constrained so that the resulting error was zero-mean and that the clean image samples lied in the quantization range of the measured MFM image.
The beneficial effects of the deconvolution processing are evident in Fig. 1 . Here, we illustrate an image of a perpendicular magnetic CoCr-based 20 nm thick recording medium with several tracks recorded onto them. The images on the top consist of 512x512 samples over an area of 5µm x 5µm. The images on the left depict the measurements made while the images on the right are the corresponding deconvolution processed images. Clearly the degrading sensitivity field effects have been substantially reduced thus resulting in an appreciable resolution increase to what was originally measured. 
